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(54) Radio comniunicatlon apparatus in CDIMA comnnunicatlon system wKh calibration 



(57) tn a CDMA radio communication system 
including a plurality of transmit radio sectior^ calbra- 
tion signals with a t>arxMdth equivalent to \haX of 
spread spectrum signals used for communications are 
generated in base band processing sections. These cal- 
ft)ration sigrials are input to transrrat radio sections ttiat 
convert the spread spectrum t>ase t2arvi signals to radio 
Signals^ Then, ttre charactensbcs of ttie transmrt racf o 
sections are detected from the caiitxation signals ttiat 
have passed through tlie transmit radio sections. 
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Description 

BACKGROUND OF THE INVENTION 

Field ol the tnvention 

The present invention relates to cfigital mobQe racfio 
convnunicalion systems canying out racBo ccmrnunica- 
tk)ns based on the CDMA (Code Division Multiple 
Access) system, or more specifically radio communica- 
tion systems that calSxate radio transmit circuits by 
measurinQ the characteristics of radio transmit circuits. 

Descr^on of the Related Art 

An array antenna system is known as an artterma 
system made up of a pturality of antennas. Tfie array 
antenna system can freely set the transmft directivity by 
adjusting the amplitude arKi phase of signals sent from 
each ant&ra devica The amplitude and phase of the 
transmit signals can t>e adjusted at the transnvt base 
bajnd processing sections by muKplying the transmit 
signals by a complex coefficient. 

FIQ.1 straws a configuration of a CDMA radio corrv 
munication system equipped with an array antenna that 
performs radio communications based on the CDMA 
system. The racfio communication system in FIG. 1 
stK3ws an exairple of the array antenna system with 
three antenrra devices. 

This comrmirvcation system cocrprises trartsmit 
section 701, transmit t>ase barxJ processing sections 
702. 703 and 704, callxation sigr^ generators 705, 
706 arvJ 707, transmit radio circuits 708, 709 and 710, 
transmit temrunals 711. 712 and 713, transmit antennas 
714, 715 arxi 716, cable 717, transmit racfio circuit char- 
acteristic measuring section 718, receive terminal 719, 
receive radio circuit 720 and demodulator 721. 

The operation of this communication system is 
deson't>ed in detail below. 

When communicating with other communication 
systems, ftte present oonvnunication system operates 
as follows: Radio transmit sigr^ are ger^erated by 
transnrvt section 701. Witfvn transmit t>ase t>and 
processing sections 702. 703 and 704 in transmit sec- 
tion 701, transmit base bandi signals are generated by 
rnuttiiplyir)g the information symbol signals to be trans- 
mitted by the same spreading code and further multiply- 
ing them by incfividualty set complex coefficients The 
transnvt base band signals generated by transmit base 
band processing sections 702, 703 and 704 are i^>-con- 
verted to a radio frequency k>and. amplified arxl con- 
verted to radio trarisrnit signals t)y transmit radio circuits 
708, 709 and 71 0. The radio transmit signals go through 
transmit terminals 711, 712 and 713 and are transmitted 
from transmit antennas 714. 715 arid 716. Here, a 
shared antenna device may t>e used which serves as a 
transrrvt antenna device and receive antenna device 
simultaneously. 



In said transmit base barxi processing sections 
702, 703 and 704, acQu^ng the multiplication oorrplex 
coefficients will allow the racfiation field intensity to be 
increased in desired (Erections only. This is caOed Ipro- 

5 vidirtg transnvt cfirectivity.'' Providing trarsmit cfirectivity 
will make it possible to keep receive SIR (Signal to Inter- 
ference Ratk>: hereafter refened to as SIR) of other 
oommmkation systems high. 

Howew, the characteristics of transnvt radio cir- 

10 cuits 708, 709 arxi 710 cfiffer from orie droit to arvTther 
due to variatiorts in the cfiaracteristk:s of devk;es such 
as anpGfiers. This will add dfferent unkrmn amplitude 
variatk)ns or ph^ rolatkxis to the respective antenna 
transmit signals, forming a transnrvt directivity cfifferent 

IS from tt)e transmit cfirectivity expected to be obtained by 
nutting a complex coefficient in transmit base band 
processing sectkins 702. 703 and 704. 

To prevent such a phenomenon, it is necessary to 
make an adtjustment so tfiat transmit radio drcuits 708, 

so 709 arvJ 710 have the same characteristcs. However, it 
is extremely cfifficult to make a precise adjustment of the 
characteristk:s of anatog devk:es such as ampKfiers. 
Therefore, instead of actjusting the cfiaracteristics of 
transmit radio circuits 708. 709 and 710. the method 

2s used here is to measure and store each of the cfiarac- 
teristics of transntit radk> circuits 708. 709 and 710 
t}^orehand. and determine ttte complex coeffkaents t>y 
whk:h transmit signals are nultplied in transmit base 
t>and processing sectkx)s 702. 703 and 704 taking into 

30 account tf>e fact tfiat tfie amplitude and pfiase of ttie 
transmit signals will cfiange by the differences in their 
cfiaracteristics. 

In order to measure the cfiaracteristKS of transmit 
racfio circuits 708. 709 and 710. a measuring operatkxi 

35 is carried out before starting convnurvcations. The pro- 
cedure for measuring the cfiaracteristxs of tfie transmit 
racfio circuits is eocplained t>elow. 

Calbratkxi signal generators 705. 706 and 707 
generate calibratkMi signals to measure the cfiaracteris- 

40 Iks ol tfie racfio drcuits. These generators generate 
sine wave signals with an extremely skNv frequerK^y, 
called tone signals, or time-invariat3le si^ials as the cal- 
ft)ratkxi signals. The present system provkies either a 
separate transmit radk> drcuit cfiaracteristic measuring 

45 section cx a rec:eive sectkxi for communrcatkxis. One of 
transmit racfio drcuits 708, 709 and 710 to t>e subjected 
to measurement of the transnvt radk> drcuit cfiaracteris- 
tics is connected to transmit racfio drcuit cfiaracteristic 
measuring sectkxi 718 via cat)le 71 7 and the output sig- 

50 nal of transmit racfio droit cfiaracteristk: measuring 
secticxi 718 is observed. Deviatk>ns of the amplitude 
arxi phase of tfie cxitput signal of receive racfio drcuit 
720 from es9>ected values are stored as the deferences 
contained in tfie characteristics of the transmit radio dr- 

55 cuitinrecordngsectk)n721. Then, corviectkxi of trans- 
nvt racfio drcuit cfiaracteristk; measuring sectk>n 718 is 
switcfied to another transnrvt racfio c:ircuit to t>e sut}- 
jected to cfiaracteristk: measurement and the same 
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processing is performed. The same procedure is 
repeated to ail transmit racfio circuits 

When the above charactertetic measurements of 
the transmit racfio circuits are completed, transmit 
antennas 714. 715 and 716 are connected to transmit s 
terminals 711. 712 and 713 and the system enters the 
commurtication mode. During communications, transmit 
base bavd processing sections 702, 703 and 704 use 
conplex coefficients tfiat are set to offset the recorded 
characteristic cfifferencesoltfietFansrTiitracBocircurts. io 

However, tfte conventional radio communication 
system above uses tone s^r^ as tfie cal3>ration sig- 
nals and the frequerxry k>andwndth of tfK)se tone si^ials 
is smaU compared wHh tfie frequency bandwidth of 
spreads^ signals for communication. Tftis entaSs a is 
problem tf^ it is not possSsle to correctly measiro tfte 
characteristics of transmit racfio circuits wften actually 
carrying out communications using spread ng signals. 

SUMMARY OF THE INVENTION 20 

In order to solve tfie atxive problem, tfie objective of 
tfie present invention is to accurately measire tfie cftar- 
acteristics of tfte transmit radio circuits wtien actually 
performing communications tfirough spreadirig signals 25 
t>y using signals having tfie same k>andmfth as tfiat of 
spreading signals used for communications as the cali- 
bration signals. 

The present invention provides a CDMA racfio com- 
munication apparatus that m easures^ the jd[>a^^ 30 
erf transmit racfio csrcxiits usii^^c^iH^tipntsigrials with a 
t>anciwidth equivalent to thart of spi^ding signals used 
for communic^ationSw 

The t>ase t>and processing sections of ttie CDMA 
radio communication apparatus can generate caHxa- 35 
tion si^ials having a t>andwidth equivalent to tfiat of 
spreading signals used for commurtications tiy multiply- 
ing respective transmit inkxmation syrrtel signals by 
(fiflerent spreading codes. 

The calbratksn signals are passed tfirough the 40 
transmit radio circuit sections in wfiich the input signals 
are converted to racfio transmit signals and a plurality of 
c:alilxaticxi signals output from each transmit radio cir- 
cuit section are CDMA-multiplexed The CDMA-multi- 
plexed calftxation signals are separately demodulated 45 
by cfifferent spreacfing cocJes. 

This configuratm allows signals with tfte same 
banciwidth as tfiat of spreacfing si^ials used for commu- 
nications to be used as calitsration signals, provicfing 
accurate measurement of tfiecfiaracteristics of transmit 50 
racfio circuits. 

In adcfition. this configuration makes it possit>le to 
CDMA-multiplex all cafibration signals output from the 
transmit racfio circuit sections, input them to the rec:eive 
racfio circuits and denxxlulator. separate the caltMation 55 
signals t>ased on the correlation with spreading codes 
arxj measure their charac^teristics independently. 

This aOow-characteristic measurements of all tfte 



transmit racfio ctrcuits to t>e performed simultaneousty, 
which elirranates tfie necessity of frec^ently switching 
cable cortnections for characteristic measurements. 
Fnirltiermore. even if no common local oscOlator can be 
used for the transmit radio circuit sections and receive 
racfio circuit sectkvis. this configuration provides accu- 
rate measurements of the c^hajBCteristics of transmit 
radio section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

RG.1 is a secticxi cfiagram of a conventional array 
antenna racfio CDMA oomrruinicaticxi apparatus; 
RG.2 is a section cfiagram of the CDMA racfio com- 
munication apparatus related to Errtxxfiment 1 of 
ttte present invention; 

FIG.3 is a section diagram of tfie CDMA radio com- 
rrunication apparatus related to Embcxiiment 2 of 
the present invention; 

RG.4 is a section diagram of ttie CDMA racfio com- 
rrunicstion apparatus related to Embcxiiment 3 of 
ttie present invention; 

RG.5 is a secticxi cfia^amof ttie CDMA radio com- 
rmnicaticxi apparatus related to Embcxiiment 4 of 
ttie present inventicxi; 

RG.6 is a section cfiagram of the CDMA racfio com- 
municaticxi apparatus related to Emtxxiiment 5 of 
tfie present inventicxi; and 
RGL7 isa section dia^am of ttie CDMA radio ccxn- 
munication apparatus related to Embodiment 6 of 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

With reference now to the attached drawings, ttie 
enixxfiments of the present inventicxi are explained in 
<kiaa\ t>elow: 

(BTtxxfiment 1) 

RGL2 stiows a oxtiguration of ttie CDMA radio 
cxxnrrunic^cxi apparatus related to a first embcxfiment 
This is an example of ttie CDMA radio ccxnmunicaticxi 
apparatus ec(uipped witti an array antenna ccxrprising 
three antenna devices 1 1 1 to 1 13. 

Transmit secticxi 101 is provided with the transmit 
base band processing sections (102, 103 and 104) and 
transmit radio circuits (1 05. 1 06 and 1 07) corresponding 
to three antenna cJevices 1 1 1 to 1 13. respectively. At tfie 
CMitput erxis of transmit racfio circuits 105 to 107, trans- 
mit terminals 108. 109 and 110 are formed. Three 
antenna devices 111 to 113 are ccxinec:ted to tfiese 
transmit terminals 108. 109 and 110. 

Cat3les 114. 115 and 116 can t>e connected to 
transmit terminals 108. 109 and 110. When measuring 
ttie cfiaracteristics of transmit racfio circuits, catilfts 114, 
1 15 arxi 1 16 are connected to transnvt tenrvnate 108. 
109and110. Cables 114. 115 and 116 connect transmit 
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terminals 108 to 110 of transmit section 101 withadcfi- 
tion section 117. /Vkfition section 117 is connected to 
transmit racfio drcuft characteristic measuring section 
119viacat)le1ia 

Characteristic me^uring section 119 has receive s 
terminal 120 to wttichadcfition section 117 is connected 
via cable 118. Characteristic rrwasuring section 119 is 
equipped with receive radio drcuit 121, a pturality of 
demodulators 122, 123 and 124 and output interface 
125. 10 

The CDMA racfio communication apparatus config- 
ured as shown above operates as foftows when commu- 
nicating with other communication systems: 

Transmit base band processing sections 102, 103 
and 104 in transmit section 101 generate transmit k>ase is 
t>arKl signals by mitftiplying the information symbol sig- 
nals to bB transmitted by the same spreading code and 
further nuttiplying tfiem by incfividually set complex 
coeff icients. The transmit base band signals generated 

transmit base band processtrig sections 102, 103 so 
and 104 are ip-converted to a radio frequency band, 
and anrplified and converted to radio transmit signals by 
trarsmit radio ctrctits 105, 106 and 107. The racfio 
transmit signals are transmitted via corresponcfing 
transmit terminals 108, 109 and 110 from transmit zs 
antennas 111, 112 and 113. Here; a shared antenna 
device may t>e used which serves as a transmit antenna 
device and receive antenna device simuttarreously. 

In said transmit base barxi processing sections 
102, 103 and 104, adjusting the complex ooeffictenls by 30 
which the transmit t>ase barxJ signals are muttpfied and 
controlling the transmit directivity allow receive SIR of 
other comnnjnication stations to t>e increased. 

To carry out acfustments according to variations in 
the characteristics of transmit radio circuits 105, 106 3s 
and 107, the characteristics of transmit radio drcurts 
105, 106 and 107 are measured before starting commu- 
nications. Measurement of the charactertetics of trans- 
nrvt radio circuits is explained below. 

In order to measure the charac te ristics of transmit 40 
radio circuits, all transmit k>ase barxJ processing sec- 
tions 102, 103 and 104 generate transmit base band 
signals with krwwn information symbols. Transmit base 
band processing sections 102, 103 and 104 obtain 
spread signals by nuttiplying the known synrM signals 4S 
by (fifferent spreading codes. A plurality of these spread 
signals {Jbase band signals) are input to correspond ng 
transnvt radio circuits 105, 106 and 107. The base band 
signals that have passed ttvough transmit racfio circuits 
105, 106 and 107 are converted to transmit racfio sig- so 
nals. These transmit radio signals created based on tt^ 
base bspd signals are caOed cslixation signals. 

Transmit racfio circuits 105, 106 and 107 to be sub- 
jected to measurement of tfte characteristics of transmit 
radio circuits are connected to cfiaracteristic measuring ss 
section 119 via cables 114. 115 and 116, addition sec- 
tion 117 and cable 118. tn this way the calS)ration sig- 
nal are supftol from transmit section 101 to 



characteristic measuririg section 119. 

Here, it is desirable to acJgu^ cables 114, 115 and 
116sotftat(fifferencesintheir lengths be small erxMjgh 
for the lengths of ttie racfio transfTvt signals. The system 
made up of these cables 114, 115 and 115, addition 
sec:tion 117 and cable 1 1 8 is used to CDMA-muhiplex a 
plurafity of cafitjration signals and is hereafter referred to 
as a racfio transmit signal synthesis section. CDMA mul- 
tiplexing section muttiplexing spread signals in the same 
frec|uerx:y t>and. 

tn cfiaracteristic measurir)g section 1 1 9, the calibra- 
tion signals that have been CDMA-multip>iexed by said 
radio transmit signal synttiesis section are down-con- 
verted by recei^ racfio circuit 121 and input to denrKxlu- 
lators 122, 123 and 124. Demociulators 122, 123 and 
124 separate Itte CDMA-muttiplexed caQ>ration signals 
and demcxiulate them separately based on the ccxrela- 
tion b^ween tfie CDMA-muftiplexed caa)ration signals 
and spreacfing codes. These three denxxiulated signals 
retain the characteristics of their corresporxfing transmit 
racfio circuits^ This cfiaracteristic information is inde- 
pendently output from output interface 125. Output 
interface 1^ can output the cxitputs of said demodula- 
tors 122, 123 and 124 as they are or by converting th^ 
in a cfifferent forrnat For exarnple. it is totally free to out- 
put ttie outputs of said denmdulalors; whether in a pair 
of tfie I component arxi Q oonpcxient in the same for- 
mat as that of the denrKxlulators.orasapowerwhichis 
a sum of sc^uares of the I corrponent and Q (X)mponent 
cx as an arrplitucte by fincfing the square root of them, or 
as a phase t>y finding the inverse tangent of the I com- 
ponent and Q component. 

The configuration atxive allows the cf^racteristics 
of an ttie transmit radio circuits (105. 106 and 107) to be 
measured simultaneousty, without the need to change 
cables connections during the measurement This 
solves the following problems of the conventicx^ array 
antenna cxxnmurtication systems unable to perform 
simuttaneous characteristic measuremenis of a plural'rty 
of transmit racfio c^CAiits: 

Transmit racfio circuits 708, 709 and 710 sut)ject to 
characteristic measurements and rec^eive racfio circuit 
720 incx>rpcxated in transmit racfio circuit characteristic 
measuring section 718 each have a separate local 
oscillator. When the output phase of tfiese kx:al oscOla- 
tors changes, the output phase of tfie racfio drcuits also 
cf^nges. Since there are subtle cfifferences in the oscO- 
lation frequencies of these local oscillators, the output 
phase of each local oscillator changes every moment 
tnciependentty. Under such circtxnstances, even if the 
cf^racteristics of the radio ctrc^uits are constant, the 
measurement results from transmit radio c^cuit c^harac- 
teristic measuring section 718 change every moment, 
wfiic^h makes the cfiaractertstic^s of the racfio circuits 
appear changing every moment 

Since all transnrtit racfio circuits 708, 709 and 710 in 
transmit section 701 use local oscdiators with the same 
frequency, it is possftjle to provicie only one local oscSla- 
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tor and share its output wrth an transint racfio circuits 
708, 709 and 710. This makes rt possisle to keep (fiffer- 
ences between the output si^iaJs of dfferent transmit 
radk> circuits instable with tima However, the kxa) 
oscSiatxxi frequency in receive radio drcuit 720 and the 5 
kxal osallation frequervry in transnvt radk> crcuits 708. 
709 and 710 are not ahways designed to be ttiesama If 
the transmit racfio circuts and receive racfio circAiit have 
different local oscillation frecfuenc^tes, transmit racfio cir- 
cuits 708. 709 and 710 and receive racfio drcut 720 w 
must have separate tocalosdDatorSw lnthisc^e;dkieto 
cfifferenc^es in frecfuenaes in ttiose kxsA osctllators. the 
measurement results from transmit racfio circuit charac- 
teristic measuring section 718 change every mcxnent 
making the delay characteristic of the rado circuits 75 
appear chan^ng every moment As a resiA. the char- 
acteristfcs of each transmit racfio circuit measiyed at dtf- 
fererrt times may contain unrecognizable measurement 
cfitferenc^es. rendering the characteristic measurement 
mearHr)gles& 20 

Ther^e, the present embcxfiment CDMArmutti- 
plexes an caB)ration signals output from a plurafity of 
transmit racfio circuits 105 to 107 and inputs the result- 
ant signals to transmit racfio circuit characteristic meas- 
uring sectkxi 119, wfrere the cafibratk>n signals are 25 
separated based on the correlation with spreading 
axles and their characteristics are measured sepa- 
rately. This alkyws the characteristics of all transmit 
racfio circuits 105 to 107 to be measured simultane- 
ously. This also elirrvnates the necessity of frecfuentty 30 
cfianging cable cx)nnections for ciharacteristic measure- 
mentSw Furthermore, even if transmit racfio circuits 105 
to 107 and receive radk> circuit 121 of transmit racfio cir- 
cuit characteristic nteasurement sectkm 1 1 9 cannot use 
a common local oscillator, it provides accurate meas- ^ 
urement of the cftaracteristk^s of transmit racfio circuits 
105 to 107. 

As shown above, the present embcxf ment allows 
signals with the same bancMcith as that of spreading 
signals used for cornmuriicatkxYs to t)e used as call)ra- 40 
tion signals, provkfing high accuracy measurement of 
tf^ characteristics of transmit racfio circuits. It also elirrv 
inates tfie necessity of frec^entty changing cable con- 
nectxxis for characteristic measurements and 
furthermore prcvkies more accurate measurements of 45 
the characteristks of transnrtit racfio circuits even if no 
common local oscillators are available for the transmit 
racfio carcufts and receive racfio circuit in the transmit 
racBo circuit c^fiaracteristic measuring section. 

50 

(Embocfiment2) 

FIG. 3 shows a corfiguration of the CDMA racfo 
(x>mrrejnic;ation system related to a second embcxfiment 
of the present invention. Embcxfiment 2 comprises an 55 
array antenna containing three antenna devices, 2 
demcxtirtators in the transmit racfio circuit characteristic 
measuring sectkm to measure the amoimt of delay of 



the transmit racfio circuits. 

Transmit section 201 conrprises transmit base band 
processing sections 202. 203 and 204. transmit radk> 
circuits 205. 206 and 207. transmit terminals 208, 209 
and 210 and antenna devces 21 1. 212 and 213. 

Two transmit terminals 208 and 209 are comected 
with adcfition sectk>n 216 via cables 214 and 215 arvi 
acJcfitbn sectkm 216 is further connected with transmit 
racfio circuit characrteristk: measuring sectk)n 218 via 
cable 217. 

Characteristk: measuring sec;tk>n 218 is connected 
to cable 217 ttvough receive termnal 219. Characteris- 
tk; rneasuring sectkm 21 8 ^ ec^ipped with receive radk) 
circuit 220, demodulators 221 and 222 and output inter- 
face 223. 

When communtcattrtg with other commurvcation 
systenre, the present system operates as follows: Trans- 
mit base band processing sectk)ns 202, 203 and 204 in 
transmit section 201 generate transmit base t>and sig- 
nals rniltplying the infc)nnatk>n synrM 
transmitted by the same spreacfing cxxie and further 
multiplying the spread spectrum transrnt signals by 
trxfivklually set conrplex cneffictenta The transmit base 
k>and signals generated bf transmit base band process- 
ing sectk)ns 202, 203 and 204 are each upconverted to 
a racfio frequency k>and, amplified and converted to 
racfio transmit signals by corresponcfing transmit radk> 
circuits 205, 206 and 207. The racfio transmit signals go 
through transmit ternvnals 208, 209 and 210 and are 
transmitted from antenna devices 211. 212 and 213. 
Here, a shared antenna devrce may t>e used whkii 
serves as a transmit antenna devce and receive 
antenna deknce simultaneously. 

In saki transmit base l>and processing sectior^ 
202, 203 and 204. acgusting the complex coeffkaents t>y 
vvhk:h ttie transrnit base k>arid signals are rnultiplied prc>- 
vkJes the system with transmit cfirectivity. making it pos- 
sbie to keep receive SIR of other comimnk:atk>n 
systems high. 

The (characteristics of trartsnrvt racfio ctrcajits 205, 

206 and 207 in transmit sectkm 201 are generally 
measured t)elore startirig (X)mmunicationSw Measure- 
ment of the ciiaracteristics of transmit radk> circuits is 
explained belcw. 

In order to measure the characteristk^s of transmit 
racfio drcurts 205 to 207. aD transmit base band 
processing sectbns 202. 203 and 204 generate trans- 
mit base band signals with known informatxHi symbols. 
The racfio transmit signals created based on these base 
t)and signals are partkxilarly called caltt>ratk>n signals. 

The transmit racfio circuits to be subjected to meas- 
uren^ent of the characteristics of transmit radio circuits 
are selected from transmit racfio circuits 205. 206 and 

207 (FIG.3 shows the case wt^ere transmit racfio circuits 

205 and 206 are selected) and transntit terminate 208 
and 209 of the selected transmit racfio circuits 205 and 

206 are connected to ackfitkxi sectkm 216 via cables 
214 and 215. and the output of the adcfitk)n sectkxi is 
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input to receive teminal 219 of characteristic measur- 
ing section 218 via cable 217. Here; it is important to 
adjust cat3les 214 and 215 so that the dfference in their 
lengths t>e smaD enough fx the wavelength of the racfio 
transmit signals^ s 

The system made up of these cables 214 and 215, 
adcfition section 216 and cable 217 is used to CDMA- 
muttplex a plurality of calbratkxi signals and is called a 
racfio transmit signal synthesis section. 

The procediffe for cable connections and measure- io 
ment is shown t>elow. 

First, the outputs of only first transmit racfio drcurt 
205 and second transmit racfio circuit 206 are ^nthe- 
sized tsy the racfio transmit signal synthesis section and 
the resulting output is mpuA to characteristic measuring is 
section 219. In tftis case, first demodulator 221 denrKxl- 
ulates the cattxation signal generated tyy first trarCTvt 
racfio circuit 205 and seoorxi derrxxkilator 222 demodu- 
lates the calibration si^ial generated by second trans- 
mit radio circuit 206. The cfff^ences of the 2a 
cfiaracteristics between first transmit radio circuit 205 
and second transrrvt racfio circuit 206 (eig., phase cfiffer- 
ence) are calculated based on the two measurement 
results cxitput from output interface 223. 

Then, ttie cxitputs of cxily first transmit racfio circuit 2S 
205 and third transmit radio circuit 207 are synthesized 
ksy tfie radio transmit signal synttiesis section arKltfte 
resulting cxitput is input to cfiaracteristic measurirtg sec- 
tion 219. In this case, frst denxxiulator 221 ctemcxiu- 
lates the cafilxaticxi signal generated kiy first transmit 30 
radio circuit 205 arxf seooTKl demcxiulatcx 222 demcxlu- 
lates the calOxation s^nal generated t)y third transmit 
radio circuit 207. The cfiffererx^es of tfie char^;teristics 
t^etween first trariSTTiit racfio circuit 205 arid tNrd trarismit 
radio circuit 207 (ag.. phase cfiffererx^e) are calculated 3s 
t)ased on tfie two measurement results output from exit- 
put interface 223. 

When carrying out such operations, tfie character- 
istics of different transmit racfio carcxirts are measured in 
a plurality of cfifferent time zcxies, arxl if different \ocai 4o 
oscfllatcxs are used in the transrrvt racfio ctrcurts and 
receive radio circuit in the cfiaracteristic measuring sec- 
tion, tlYe absolute values of tfie measured characteris- 
tics fiava no meaning. However, all transmit racfio 
circurts 205 to 207 use a common kx^al osdllator and 45 
relative cfiaracteristic cfifferences t)etween transmit 
radio circuits 205 to 207 are fixed, and thus the charac- 
teristic cfifferences measured using a cxie transmit racfio 
circuit (first transmit radio circuit 205 in the example 
atx]ve) as a reference are c)uite accurata so 

Output interlac^e 223 can output tfie cxitputs of 
demociulatcxs 221 and 222 above as they are or by con- 
verting tftem in a different format For exarrple, it is 
totally free to output tfte cxitputs of said demodulators; 
whether in a pair of the I oorrponent and Q corrpcxient ss 
in the same format ^ tfiat of the demodulators, or as a 
pcwer which is a sum of scfuares of tfie I ccxiponent arvi 
Q ccxrponent. cx as an ampGtude by fincfing tfie sc|uare 



root of them, cx as a phase tyy fincfing the inverse tan- 
gent of tfie I conrpcxient and Q ccxnponent 

As shown above, the present enrtofiment uses 
less demociulabxs in tfie transmit racfio ciircuit cfiarac- 
teristic measuring secticxi than the transrrvt racfio cir- 
cuits and despite the fact that it takes more time and is 
mcxe trcxiblescxne tfian tfie system living tfie same 
number of demodulators, it can reduce the scale of the 
system, making it possa>le to keep the measuring accu- 
rac^y c)uite fiigh. 

(Embocfiment 3) 

FIG. 4 sfiows a conftguraticxi of the CDMA radb 
cx)mnvinicaticxi system related to a tfiird embcxfiment of 
tfie present inventioa Embcxfiment 3 is an exarrple of 
tfie case wfiere tfie functicxi of tfie cfiaracteristk; meas- 
uring secticxi in Enrtxxfiment 1 above is assumed k>y tfie 
receive section that receives and processes racfio sig- 
nate frcxn otfier (xxrvtunx^aticxi systems. 

Transmit section 301 of tfiis CDMA radk> comrremi- 
catkxi system ccxrprises transrrvt t)ase t>and prcx^ess- 
ing sectNXis 302, 303 and 304, transmit radk) ctrcurts 
305, 306 and 307, transmit temrvnals 308, 309 and 310 
and transmit antennas 31 1 , 312 and 313. 

Transmit termir^ 308, 309 and 3 1 0 are ccxviected 
with adcfitkxi sectkxi 317 via cables 314, 315 and 316 
and adcfitkxi sectkxi 317 is furtfier ccxviec;ted with 
receive sectkxi 319 via cable 31 8. 

Receive sectkxi 319 can t>e used as the transmit 
racfio ctrcurt cfiaracteristk; measuring sectkxi descrS>ed 
in Embocfiment 1. Receive terminal 320 of tfiis receive 
secticxi 319 is ccxinected with cable 318 wfvc^h is ccxi- 
necrted with acidition sectkxi 317 and rec^eive antenna 
326. When receive sectkxi 31 9 functkxis as the transmit 
racfio circuit diaracteristk: measuring sectkxi, csiAB 318 
is connected with receive terminal 320. Receive sectkxi 
319 is ec|uipped with receive racfio circuit 321 . demodu- 
lators 322, 323 and 324 and cxitput interface 325. 

Wfien cxxnmunicsating with otfier cxxnmunic^aticxi 
systerrSk tfie CDMA racfio cxxrvtuniciaticxi system cxxi- 
figured as sficwn sSxnb operates as foOows: Transmit 
base barxi processing sectkxis 302, 303 and 304 in 
transmit sectkxi 301 generate transmit t>ase k>and sig- 
nals tff multiplying the inkxmatkxi symbol sigr^ to t>e 
transmitted t>y the same spreading ccxfe and further 
multiplying tfiem t)y incfividualty set corrplex coeffi- 
cients. The transmit basB band signals generated fyy 
transmit t>ase t>and prcx»sstng sec;tkxis 302, 303 and 
304 are ip-converted to a racfio frequency band, arrpli- 
fied arxl ocxverted to radk> transmit signals tyy transmit 
radio circuits 305, 306 and 307. The racfio transmit sig- 
nals go through transmit terminals 308. 309 and 310 
and are transmitted frcxn antennas 31 1, 312 arxi 313. 

In saki transmit base band processing sectkxis 
302, 303 and 304. acQusting the conrplex co^fkaents by 
whk;h the transnrvt base band signals are rrxittiplied pro- 
vides tfie system with transmit cfirectivity. making it pos- 
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sfele to keep receive SIR of other comnuntcation 
systems high. 

When racfio stQnals transnitted from other commu- 
nication sy^ems are received, these racfio signals are 
received from receive antenna 326 connected to s 
receive temnina) 320 of receive section 319. The signals 
received are dovvn-converted by receive radio circuit 
321 and denrxxliiated by one of demodulators 322. 323 
and 324. 

Then, the cftaracteristics of transmit racfio (ircurts io 
305, 306 and 307 in transnrvt section 301 are measured 
before starting oomnuinications. Measurement of the 
characteristics of transmit raciio circuits \s explained 
bekMv. 

In order to measure the cftaracteristics of tmnsmrt is 
racfio circuits, all transmit k>ase t>and processing sec- 
tions 302. 303 and 304 generate transmit t>ase band 
signals with krKMm in tormaticyi symbols. The racfio 
transmit signals created based on these transmit base 
band signals are particularty called calSxation signals. 20 

Transmit temrHnals 308 to 310 of transmit section 
301 are connected to receive terminal 320 cyf receive 
section 319. bn ttiis way, transmit racfio drcurts 305, 306 
and 307 subject to measurement of the characteristics 
of transmit racfio circuits are ccxinected to ackfition seo 2s 
tion 317 via cables 314, 315 and 316 and the output of 
the aJJilion section is supplied to receive terminal 320 
of transmit radk> circuit cfiaracteristic measurirtg section 
319 via cabUe 318. Here, it is important to actjust cables 
314. 315 aiKl 316 so that tfie cfifferences in tfieir lerigths 30 
be small erKXjgh for the wavelength of tfie radio transmit 
signals. The system made up of these cables 314, 315 
and 316. acidition section 317 and cable 318 is used to 
CDMA-multiplex a plurafity of calbration signals and is 
called a racfio transmit signal syntfiesis section. 3s 

In the transmit racfio circuit cfiaracteristic measuring 
sec;tion (receive sec;tion 319). tf)e cafitiration signals 
that have been CDMA-nrwttiplexed by said racfio trans- 
mit signal syntfiesis section are separated by derrxxiu- 
tators 322. 323 and 324 and demodulated separately 40 
based on the correlaticxi with spreading codes and out- 
put from output interlace 325. CXitput interface 325 can 
output the outputs of said ciemociulators 322. 323 and 
324 as tfiey are or by converting tfiem in a cfifferent for- 
mat For example, it is totally free to output the outputs 45 
of said democlulators; whether in a pair of tfie I compo- 
nent and Q component in the same format as tfiat of the 
demodulators, or as a power which is a sum of scfuares 
of tfie I compcxient and Q conrponent. or as an ampli- 
tude by fincfing the sc^uare root of tftem, or as a phase by 50 
fincfing the inverse tangent of tfie I component and Q 
component 

With the configuration as descnbe atxve. charac- 
teristic measurement of all transmit racfio circuits is 
completed at a time witfK)ut ttie necessity of changing ss 
cable oonnectbns during measurement 

Accorcfing to the present embcxfiment as shown 
BbCNB, radio section 31 9 assumes the function of meas- 



uring transmit racfio circuit characteristics, allowing 
racfio signals from otfier communication systems to k>e 
received in communication mode, without tfie need to 
provide any ctecficated transmit racfio circuit cfiaracteris- 
tic measuring sectioa 

It also allows the characteristics of an transmit r^fio 
circuits to t>e measured simultaneously, witfiout the 
need to cftange cat)le cx)nnec;tions tor csfiaracteristic 
measurementSL Furthermore it provides more accurate 
measurements of tfie characteristics of transmit radio 
drcurts even if no ccxrrnon local c>sctllators are available 
for tfie transmit radio circuits and receive radio circuit in 
the transmit racfio drcuit cfiaracteristic measuring sec- 
tion. 

(Embocfiment 4) 

RG.5 sfiows a configuration of tfie CDMA racfio 
communication system related to a fourth ennbcxfiment 
of tfie present invention. ErTtxxfiment4isan exampleof 
the case of Embocfiments 1 to 3 plus a recorcfing section 
to store the cifiaracteristic data of the measured transmit 
racfio (^cuits. 

Transmit section 401 has the same configuration as 
tfiat of said Embocfiment 1 . That is. transmit section 401 
comprises transmit base t>and processing secticxis 402, 
403 and 404. transmit radio circuits 405. 406 and 401, 
transmit terminals 408. 409 and 410 and antenna 
devices 41 1 , 412 and 413. 

Transmit terminals 408, 409 arxi 410 are ccxinec;ted 
with adcfiticxi section 417 via cables 414. 415 and 416. 
and acicfiticxi secticxi 41 7 is further ccxmected with trans- 
nvt radio cn'c^uit cfiaracteristic measuring secticxi 41 9 via 
cable 418. 

Cable 418 is ccxmected to rec^ve terminal 420 of 
transmit racfio drcuit cfiaracteristic measuring secticxi 
419. Cfiaracteristic measuring sectkxi 419 is ecfuipped 
with receive racfio circuit 421. demcxldators 422.423 
and 424 and recording section 425. 

The CDMA radio communication system of Embod- 
iment 4 cxxisists of the system of eitfier Embcxfiment 1 
ex- Embcxfiment 3 plus a recorcfing secticxi to stcxe the 
measured characteristic data. This reccxcfing section 
can also be ccxifigured with memory. The rest of tfie 
configuration and operaticxi are the same as tfiose of 
said emtxxfiments. 

The present embodiment allows the cfiaracteristic 
data of tfie transmit racfio drcuits tfiat can be measured 
by tfie array antenna racfio CDMA communicaticxi sys- 
tem to be recorded and used for various types of 
processing. 

(Embocfiments) 

FIG.6 shows a configuration of the CDMA racfio 
cxxnmunicaticxi system related to a fifth embcxfiment of 
the present invention. The present embcxfiment is an 
exanrple of the case where the cfiaracteristic data 



7 



13 



EP0881 704 A2 



14 



recorded in the reoorcfing section in Embocfiment 4 is 
fed t>ack to the trarisnfA section to be used for <firectivity 
control of antennas^ The rest of thie oonfiguTation and 
operation are the same as those of the CDMA radio 
convnunication system in Embodimertt 4 desoibed 5 
atx3ve. 

In the same way as in Entxxfiment 4, the charac- 
terisfcs of aO transmit radk> circuits 505 to 507 are 
measured and stored in recording section 525 of char- 
acteristic measuring section 519. 10 

Tfie characteristics of transmit radio orcurts 505 to 
507 stored in recording section 525 of characteristic 
measuring section 519 is fed t>ack to transm it section 
501. Based on tfie transmit radio circuit characteristic 
data, transmit section 501 can control process i ng at is 
transmit t>ase band sections 502, 503 and 504 so as to 
offset ctiaracteristic differences t xgtwcc n transmit radk> 
droits 505, 506 arxJ 507. making it possible to accu- 
rately achie^ the desired transmit (firectivity. 

20 

(Errbodiment S) 

FIG.7 shows a section cfiagram of the CDMA radk> 
communication system related to a sixth embocfiment of 
the present invention. Tfie present embocfiment shows 2s 
an exarrple of the case wfiere the transmit radk> circuits 
in the transmit section and receive radio circuit in the 
receive section (or ctiaracteristic measuring section) 
are designed to use common local oscillation frequen- 
cte& 30 

Transmit section 601 oonnprisestransrTvt base band 
processing sections 602, 603 and 604, transmit racfio 
drcuils 605. 606 and 607. transmit temninals 608. 609 
and 610, and transmit antennas 611, 612 and 613. 
Transrrvt section 601 can be connected with receive 3s 
section 615 via cable 614. 

Transnrvt radio circuit ctiaracteristic measuring sec- 
tion 615 corrprises receive terminal 616. receive racfio 
circuit 617. demodulator 618, and reconcfing section 
619. 40 

The operation of tfie present embcxliment config- 
ured as shown at>ove is explairied t>elow. Wfien commu- 
nicating with other convnunication systems, transmit 
base band prcx^ssing sections 602, 603 and 604 in 
transmit section 601 generate transmit t>ase band sig- 4s 
nals tyy multiplying the information symbol signals to be 
transmitted t>y ttie same spreacfing code and furtfier 
multplying them by incfividually set ccynplex coeffi- 
cients. The transmit t)ase band si^ials generated tsy 
transmit base band processing sections 602. 603 arxl so 
604 are up^converted to a racfio frec;uenc;y t>and, ampli- 
fied and converted to racfio transnut signals by transmit 
racfio circuits 605. 606 and 607. 

The radio transnvt signate go tfvough transmit ter- 
minals 608, 609 and 610 and are transmitted from 59 
transmit antennas 611, 612 and 613. Here, a sfiared 
antenna device may k)e used wfiich serves as a transmit 
antenna device and rec^^ve antenna device simultane- 



ously. 

tn said transnvt base t>and processing sections 
602. 603 and 604. acQusb'ng the cxxnplex confidents by 
wtuch tfie transmit base k>and signals are muftipfied 
allows the transmisston field density to be increased 
onfy in a desired cfirection. Provicfing the system with 
transnvt cfirectivity makes it posaUe to keep receive 
SIR of other (x>rTiTUinication systems high. 

lb measure tfie cfiaracteristics off transmit racfio car- 
curts 605. 606 and 607, tfie measuring mocie is imple- 
mented t>efore starting comnunic^ations. Measurement 
of tfie characteristics of transmit racfio drcuits is 
explained t>ek)w. 

tn cxder to measure tfie cfiaracteristics of transnvt 
radio drafts, all transmit t>ase tsand prcx^essing seo 
loons 602, 603 and 604 generate transmit t>ase band 
signals with krxTwn informatm synnbola The racfio 
transmit signate created t>ased on tfiese base band sig- 
nals are particularty called calixation stgnala 

tn adcfition, as the transmit racfio drcuit ctiaracteris- 
tic measuring section, either a separate transmit radio 
drcurt ctiaracteristic measuring section or a communi- 
caticxi rec^eive section is provided. One of transmit radio 
drcuits 605. 606 and 607 sut>ject to transmit racfio cir- 
cuit characteristic measurement is connected to tfie 
transmit racfio c^ircuit c^fiaracAeristic measuring section 
via cable 61 4 and tfie output signal of transmit radb cir- 
cuit ctiaracteristic measuring sectx>n 615 is observed. 
Deviations of the amplitude and pf^se of the output sig- 
nal of transmit radio drcuit c:harac:teristic measuring 
section 615 from the expected values are recorcted as 
the ctiaracteristic differences of the transmit radio cir- 
cuit Then, connection of transnvt racfio circuit ctiarac- 
teristic measuring section 615 is swrtcfied to another 
transmit racfio drcuit subject to ctiaracteristic measure- 
ment and the same processing is performed The same 
proceciure is repeated to all transmit radio c^ircxiits. 

Wfien the atxve c;fiarac:teristic measurements of 
transmit racfio drcuits are completed, ticU&iiit antennas 
611, 612 and 613 are connected to transmit terminals 
608, 609 and 610 and tfie system enters tfie oonvnuni- 
caticxi mcxle. During (x>mmunicHtions, transmit t>ase 
t>and processing sections 602, 603 and 604 use com- 
plex confidents tfiat are set to offset the recorded ctiar- 
acteristic cfifferences of the transmit racfio drcuits. 

If receive radio drcuit 617 and transmit racfio cir- 
cuits 605. 606 and 607 are designed to have tfie same 
oscOlation frecjuendes. it is possUe to use tfie 
same tocal osdQator for receive racfio drcuit 617 and 
transmit racfio drcuits 605, 606 arvi 607. In a system 
(X)nfiguraticxi fiaving a convncxi focal osdHator, it is pos- 
sible to prevent time variations of tfie results of transnrvt 
racfio drcuit ctiaracteristic measurement arming from 
osdllation frequency cfifferences t>etween focal oscOla- 
tcxs. 

In such a situation, even if ctiaracteristic measure- 
ment is performed on a plurality of transmit radfo drcuits 
605, 606 and 607 at cfifferent times as de6crft>ed above. 
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the resiAs obtained from such transmrt racfio circutt 
characteristic measurement become very accurate. In 
other vvonls, this efiminates the necessrty of providing a 
racfio stgr^ synthesis section or a pCuratrty of demodu- 
lators in tfie transmrt racfio circuit cfiaracteristicme^ur- 5 
ing section. 

As long as a common local osct Rator is used for 
receive racfio circuit 617 and transmit racfo drcuits 605, 
606 and 607, the configuration above allows high accu- 
racy measurement of tfte characteristics of transmit io 
racfio orcuits without tfie necessity of provicfing a plural- 
ity of demodulators in Ihe transmrt racfio circuit cfiarac- 
teristic measuring sectioa 

As descnt>ed above, the present invention aDows 
tfie use of signals with ttte same t>andwidth as tf^ of is 
spreacfing signals used for communications as the cafi- 
bration signals, provicfing high accuracy measurement 
Off the characteristics of transmrt racfio circuits^ 

Claims 20 

1. A racfio communication apparatus, comprising: 

array antenna inducfing a pturalrty of antenna 
devices(111,112,113): 2s 
a plurafity of radio transmit sec- 
tions(105,106,107) for converting a spread 
spectrum base t>and signal to a transmit racto 
signal and outputting the transmit radio signal 
to the antenna devices(111, 112,113); 30 
signal generating means(1 02,103. 104) for gen- 
erating a cafibration signal with a bandwidth 
equivalent to said spread spectrum base band 
signal and inputting them to said racfio transmit 
sections(105,106.107): as 
detecting means(1 19) for detecting the charac- 
teristics of said racfio transmit sec- 
tions(105,106,107) from ttie calforation sigr^ 
(xxiverted to a racfio signal in said racfio trars- 
mitsections(105,106.107). 40 

2. The racfio commuruc^on apparatus according to 
daim 1, further comprising signal synthesizing 
means for generating a syntfietic signal by multi- 
plexing a pturalrty of calforation signals converted to 45 
racfio signals that are output from a plurality of said 
racfio transmit sections(205,206.207). and transmit- 
ting said syntfietic signal to said d^ecting 
means(218). 

50 

3b The racfio oomminication apparatus acconfing to 
daim 2, wherein said signal generating means fias 
a pturalrty of t>ase t>and processing sec- 
tions(102,103.104) that gerterate a callxatton sig- 
nal by spectrunvspreacfing a known synrfool using ss 
different spreading codes, said detecting 
means(1 19) t^ a plurafity of demodula- 
tors(122.123,124) for despreading tfie ^nthetic 



signal transmitted from said signal syntfiesizing 
means using said spreading codes to demociulate 
said call)ration signals. 

4. The racfio communication apparatus accordirig to 
daim 3, wfterein said signal syrrthesizing means 
h^ an adder(1 1 7) to wfiich said racfio transmit sec- 
tions(105,106,107) are connected selectively so 
tttat at least two cafSration signals are sirruHane- 
ously ir^>ut from a plurafity of said radfo transmit 
8ections(105, 106,107). said d^ection means(119) 
has a number of ciemodutators(122.123,124) at 
least ec^uivalent to the nurTt)er of calitxation signals 
that are simultaneousty ackled by said adder(1 1 7) . 

& The racfio (>ommunic2ation apparatus acxx)rding to 
daim 3, wfierein said detecting means(319) has a 
receive racfio section(321) for down-converting the 
Qfntftettc signal transmitted from said signal syn- 
tfiesizing means and a plurality of said demodula- 
tors(322,323,324) for (temodulating the synthetic 
signal output from this receive radio section(321), 
said detecting means(319) shares with the receive 
sectiort(321) for cfown-converting racfio signals 
received by said antenna deknces(326) to demodu- 
lates them, said receive radfo section(321) and a 
plurality of said demodulator5(322,323.324). 

6. The radfo corrvnunication apparatus according to 
daim 1. turtle comprising recording means(425) 
for recording tfie diaracteristic data of said radfo 
transmrt sectfons(405,406,407) detected by said 
detecting means(419). 

7. The racfio communicaticxi apparatus acxxxxling to 
daim 3, wfierein the diaracteristic data of said 
radio transmrt sections(505,506,507) deeded by 
said cietecting means(51 9) is fed back to said base 
band processing 8ec^ions(502,503,504) and said 
transmit t>ase band processing sec- 
tions(5(^503.504) are controlled so as to offset 
characteristic cfifferenc^es of said radfo transmit sec- 
tions(505.506,507). 

8. The racfio communicaticxi apparatus according to 
daim 1, wherein said signal generating means fias 
a pluraOty of t>ase band processing sec- 
tions(102.103.104) that spectrum-spreads a known 
^riTfool using cfifferent spreading codes to generate 
a catforation signal, said detectirtg means(1 1 9) has 
a single ctemodulator(122.123.124) ttiat sequen- 
tially ctemociulates tfie calibration signal converted 
to a racfio signal using tfie same spreading codes 
used for tfie spectrum spreacfing in said base band 
prcx:essing sections(102.103,104). 

9. A metfiod for measuring the diaracteristics of a plu- 
rality of transmit racfio sections(105,106.107) 
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installed in a CDMA racfio comnwication system, 
conrprising the steps of: 

(a) geneiating a calixation signal with a t>and- 
width equh/atent to thai of spread spectrum sig- s 
nals used fDr communications; 

(b) inputting said calibration signal to tiansmrt 
racfio sections(105J06,107) that convert 
spread spectrum t>ase band signals to a racfio 
signal; 10 

(c) detecting the characteristics of said transmit 
racfio sections from said cafil)ration signal that 
fiave passed through said transmit racfio sec- 
tions(105,106.107). 

15 

10. The metfKxi accorcfing to claim 9, wfterein caffixa- 
tion signal for a plurality of said transmit racfio sec- 
tions(105,106,107) are generated by mutti^^yir^g a 
kncwn symbol signal t)y cfifferent spreacfing cxxies; 
tfie cagbration signal are simultaneously input to 20 
two or more corresponcfing transmit racfio sec- 
tiors(105.106,107), one syntfKtic signal is gener- 
ated by muttplGxing two or more c^alSxation signals 
tfiat have passed through said transmit racfio sec- 
tions(105,106,107), two or more calSxafion signate 25 
mult^exed above are derrxxlulated by multiplying 
said synthetic signal by said spreacfing codes in 
parallel. 
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